Abstract: Senescence is a tightly regulated process and both compartmentalisation and regulated activation of degradative enzymes is critical to avoiding premature cellular destruction. Proteolysis is a key process in senescent tissues, linked to disassembly of cellular contents and nutrient remobilisation. Cysteine proteases are responsible for most proteolytic activity in senescent petals, encoded by a gene family comprising both senescence-specific and senescence up-regulated genes. KDEL cysteine proteases are present in senescent petals of several species. Isoforms from endosperm tissue localise to ricinosomes: cytosol acidification following vacuole rupture results in ricinosome rupture and activation of the KDEL proteases from an inactive proform. Here data show that a Lilium longiflorum KDEL protease gene, (LlCYP), is transcriptionally up-regulated, and a KDEL cysteine protease antibody reveals post-translational processing in senescent petals. Plants over-expressing LlCYP lacking the KDEL sequence show reduced growth and early senescence. Immunogold staining and confocal analyses indicate that in young tissues the protein is retained in the ER, while during floral senescence it is localised to the vacuole. Our data therefore suggest that the vacuole may be the site of action for at least this KDEL cysteine protease during tepal senescence. 
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Senescence is a tightly regulated process and both compartmentalisation and regulated 30 activation of degradative enzymes is critical to avoiding premature cellular destruction. 31 Proteolysis is a key process in senescent tissues, linked to disassembly of cellular 32 contents and nutrient remobilisation. Cysteine proteases are responsible for most 33 proteolytic activity in senescent petals, encoded by a gene family comprising both 34 senescence-specific and senescence up-regulated genes. KDEL cysteine proteases are 35 present in senescent petals of several species. Isoforms from endosperm tissue localise 36 to ricinosomes: cytosol acidification following vacuole rupture results in ricinosome 37 rupture and activation of the KDEL proteases from an inactive proform. Here data show 38 that a Lilium longiflorum KDEL protease gene, (LlCYP), is transcriptionally up- 39 regulated, and a KDEL cysteine protease antibody reveals post-translational processing 40 in senescent petals. Plants over-expressing LlCYP lacking the KDEL sequence show 41 reduced growth and early senescence. Immunogold staining and confocal analyses 42 indicate that in young tissues the protein is retained in the ER, while during floral 43 senescence it is localised to the vacuole. Our data therefore suggest that the vacuole 44 may be the site of action for at least this KDEL cysteine protease during tepal 45 senescence. Petal senescence is a tightly regulated process involving, in most species, nutrient 56 remobilisation and terminating in cell death. In many species this is accompanied by 57 organ abscission [1, 2] . In some species this process is coordinated by the growth 58 regulator ethylene, while in others, including lilies, ethylene does not appear to play a 59 major role in petal senescence [2] . At a cellular level, petal cell death is found to 60 resemble most closely an autophagic pattern [3] . In several species, vesicles accumulate 61 in the cytosol followed by enlargement of the central vacuole and ultimately vacuolar 62 rupture (e.g. Dianthus [4] , Iris [5] , Lilium longiflorum [6] ). [1, 2] . The synthesis and activation of these enzymes needs to be under tight temporal 67 and spatial control to ensure the ordered breakdown of cellular macromolecules. Total 68 protease activity generally increases with petal senescence while protein content falls 69 (e.g. in Alstroemeria [7] , Hemerocallis [8] , Sandersonia [9] ) and the pH optimum of 70 protease activity in senescent petals is often relatively acidic (e.g. pH 5.5-6 in Lilium 71 longiflorum, [6] ). This suggests that these enzymes are either active in an acidic sub- [5, 10, 11] . However using inhibitors for specific protease classes, it was shown that 78 cysteine proteases are those primarily responsible for protease activity in senescent 79 petals [7, 9, 12] . Cysteine proteases comprise a large gene family divided into several 80 classes but those associated with senescence are mainly of the papain class [13] . In 81 petals, multiple cysteine protease genes are expressed with varying temporal patterns 82 [9, 12, 14] . For example in petunia only four out of nine cysteine protease genes 83 expressed in petals were up-regulated in the later stages of petal senescence, three were 84 down-regulated, two peaked in expression in early senescence after which their 85 expression fell, and of the nine genes, expression of only one was senescence specific 86 [12] . 87 88 KDEL cysteine proteases form an important group of papain class cysteine proteases 89 that are unique to plants and characterised by a C-terminal KDEL sequence that directs 90 retention in the endoplasmic reticulum (ER) [13, 15] . These proteases were initially 91 identified in association with PCD in the castor bean (Ricinus communis) endosperm 92 [16] . However they are also found in senescing petals of several species including 93 Hemerocallis [17] , Sandersonia aurantica [9] and Dendrobium [18] . Although the in 94 vivo substrates of PCD-associated KDEL proteases are unknown, Helm et al. [15] 95 showed that the castor bean enzyme has activity against some types of extensin 96 proteins.
98
The castor bean KDEL cysteine protease was located to ricinosomes [16] . Ricinosomes 99 are small organelles, first discovered in the castor bean endosperm [19, 20] , that derive 100 from the ER [21] . They have subsequently also been found during castor bean nucellar 101 programmed cell death (PCD; [22] ), in tomato anthers, associated with anther 102 dehiscence [23] , and in senescent Hemerocallis petal cells [17] . 
Cloning of LlCYP
164
A 340bp fragment of a Lilium longiflorum KDEL protease gene was isolated from D4 165 outer tepal cDNA using degenerate primers CYPF and CYPR. The full-length cDNA 166 was obtained using the BD SMART™ RACE cDNA Amplification Kit (BD
167
Biosciences Clontech, Palo Alto, CA) using gene specific primers GSPF and GSPR. 168 The whole ORF was amplified from D4 cDNA using primers LlCYPclF and LlCYPclR (Fig. 1B) .
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The use of the programs SignalP and TargetP [28] D10, a fully senescent flower ( Fig. 2A) . LlCYP mRNA levels were low during bud 313 development to full bloom but then increased in early senescence reaching a maximum 314 in later senescence at D7 where transcript level was almost 13 times higher than at D-2.
315
LlCYP was preferentially expressed in tepals as very low levels of expression were 316 detected in the ovary, style and stamen. In leaves, expression increased slightly in early 317 leaf senescence but decreased again in later senescence (yellow leaves) (Fig. 2B) (Fig. 3A) . Expression of the transgenic construct 324 was verified by RT-PCR ( Supplementary Fig. 3 ). (Fig. 3C) . After 8 weeks C4 plants showed a very small rosette compared to wild 333 type, which corresponded to a reduced fresh weight of approximately 1/10 ( Fig. 3E ).
334
Both C3 and C4 lines displayed a significant delay in bolting and flowering (Fig. 3D ) 335 while no significant differences were observed between wild-type and transgenic plants 336 in terms of number of leaves ( Fig. 3E and 3C ). lines transformed with constructs C3 and C4 (Fig 5E-H) . For lines carrying the C4 362 construct, the protein was also detected in the apoplast (Fig. 4H, arrowheads) and 363 vacuole. This profile is compatible with a protein which is being released slowly from 364 the ER towards secretion, but with a pool which is still being directed to the vacuole.
LlCYP localises to the ER in young tissues but increasingly reaches the vacuole in
365
The localisation of LlCYP was further examined by electron microscopy and using the 367 SlCysEP antibody for immunogold staining. In tepals from stage D5 small electron-368 opaque structures appeared within the vacuole (Fig. 6A, indicated by arrows) .
369
Immunogold labelling with anti SlCysEP resulted in numerous gold particles being 370 detected on these intravacuolar structures ( Fig. 6B and C) . processing intermediates as also found in other systems [23, 24] . Phylogenetic tree. The evolutionary history was inferred using the Neighbor-Joining method [40] . The optimal tree with the sum of branch length = 2.64260549 is shown.
The percentage of replicate trees in which the associated taxa clustered together in the bootstrap test (1000 replicates) is shown next to the branches [41] . The tree is drawn to scale, with branch lengths in the same units as those of the evolutionary distances used to infer the phylogenetic tree. The evolutionary distances were computed using the Poisson correction method [42] 
